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Abstract This paper numerically discusses stress in- 
tensity factor (SIE) calculations for surface cracks in 
round bars subjected to single and combined loadings. 
Different crack aspect ratios, a/b, ranging from 0.0 to 
1.2 and the relative crack depth, a j D ,  in the range of 
0.1 to 0.6 are considered. Since the torsion loading is 
non-symmetrical, the whole finite element model has 
been constructed, and the loadings have been remotely 
applied to the model. The equivalent SIE F& is then 
used to cnmbiue the individual SIF from the bending 
or tension with torsion loadings. Then, it is compared 
with the combined SIF, FgE obtained numerically us- 
ing the finite element analysis under similar loadings. 
It is found that the equivalent SIF method success- 
fully predicts the combined S E  F i Q  for Mode I when 
compared with F;E. However, some discrepancies be- 
tween the results, determined from the two different 
a ~ c h e s , ~  
it is also noted that the F$E is higher than the FgQ 
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due to the difference in crack face interactions and de- 
formations. 
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1 Introdnetion 
Mechanical power transmission is successfully con- 
ducted by the application of the cylindrical-shaped 
bar. This transmission is not only subjected by sin- 
gle loading, hut it is frequently occurred in combined 
loadings. Such structural components are subjected to 
cyclic stresses which can cause mechanical damages 
and premature failure. In services, a rotating shaft can 
generally be subjected to combined loading due to its 
s e 1 f w g i w U U d i n g  moment, and 
sometime it is combined with bending andlor axial 
stresses. Many factors have been contributed for sur- 
face cracks to initiate such as notches [I-?], corrosion 
[4] and metallurgical [5] defects. In fact, any arbitrary 
shapes of crack initiation may grow and take a semi- 
elliptical shape 161. Then, linear elastic fracture me- 
chanics (LEFM) has been used to analyse stress inten- 
sity factors (SIFs) along the crack front 
The solution of SIFs for a wide range of geame- 
tries under Mode I loadings has been reported else- 
where in the literature [7-91. However, the SIFs un- 
der Mode IlI [lo] and under combined loadings such 
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closed under the pure torsion, and vice versa under the 
combined loadings. The opening of the crack faces un- 
der combined loadings increases the relative node dis- 
BNSYS then uses these relative distances 
to calculate the SIFs. A; a result, higher F:B is ob- 
tained with respect to the F g Q ,  due to the different 
mechanisms of crack deformations and interactions. 
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